In recent years, it is remarkable that various robots are being developed, and the development of robot technology is beginning to be taken into an actual living space. There are still many questions that we will have to answer for the harmonization of living together with a robot. This study is focused on "the study of how to plan and design a living space in harmonizing with robots", and focused on the effects of infants (subjects) along with the distance between robots and themselves. The study is to seek for the minimum distance for the subjects who felt that "I do not want a robot to be any closer being approached to me". This experiment was conducted among 30 infants at the kindergarten, utilizing a small experimental robot. A small robot whose dimension is 120 mm (W) × 130 mm (D) × 70 mm (H), approaching infants as is to see if it would make any differences to the infant's reactions.
Introduction


It is remarkable that various robots are being developed and the development of robot technology is beginning to be practically adopted into an actual living space, in last few years, coming out from their industry space. However, living together with a robot still has many challenges due to the fact that some robots are still being designed without considering the physiological harmonization and correlation among human beings, robots by themselves, and the architectural design space.
Although the study on human beings and robots has just started, there are very few researches which seek for the impacts and implications between robots and infants, in terms of the environmental physiological effects and the behavior which could only be generated by the human beings at their very younger age instead of fully matured adults.
Thesis-Related Research
Robotics research in the field of architectural planning has been promoted by the "research space for the coexistence of humans and robots" [1] [2] [3] , Waseda University. In addition, Nakazima and Sato [4, 5] study the distance of robot and human in "personal distance against mobile robot". In addition, the authors make a survey of the personal distance against robot for adults, in "study on planning technique of living space harmony with robots" [6] [7] [8] yet.
Research Objectives
This study is a part of the "study on planning techniques of living space in harmonizing with robots", especially to identify a "comfort zone" in (mm) focusing on the infants. We conducted the experiments, as stated in the previous "Abstract" and "Introduction" sections, a small robot approaching toward infants to investigate the physiological effects based on their reactions.
The experiment was also conducted with the robot approaching toward them in the different angles, and at DA VID PUBLISHING D the different speed, observing the infants reactions and discomfort.
Overall, the correlations among infants, the size of experimental space and robot with various speeds to approach infants were observed out of these experiments.
Methods
Experiment Summary
For the experiment, the research was conducted gathering 30 infants who are at the age of four and five years old (Table 1) .
For the experimental environment, we chose a classroom at the kindergarten in Yokohama city, Kanagawa Japan and the subjects (target infants) were the kindergarten children who went to the same kindergarten making sure that they felt comfortable of the experimental space that they were used to stay at, eliminating the possibility of other discomfort factors.
The dimension of experimental space (class room of kindergarten) was 6.5 m by 6.0 m (Fig. 1) . A small mobile robot was being used in this experiment. The external dimension of the robot was 120 mm (W) × 130 mm (D) × 70 mm (H). The robot was battery operated and controlled by a wireless remote controller.
In the experiment, we conducted two postures of infants who sit on the floor and stand up on the floor, having a robot approaching toward them from 5 m distance to start with.
We conducted the experiment trying to have a robot approached toward them with five different angles ( The questionnaires about the impressions are distributed, each infant was asked to answer the survey, before and after the experiment, using a method to select the most appropriate adjective phrase out of four adjective phrases on questionary survey.
In addition, we asked the subjects (infants) to draw the full scale picture of "the robot which they wanted to live together with" after the first experiment.
Detailed Dimensions of a Small Mobile Robot
The small mobile robot used in this experiment was equipped by two wheels for it to move around, and its external dimensions was 120 mm (W) × 130 mm (D) × 70 mm (H).
We set the experimental scenario that the robot could only move toward the infants at the two different speeds. The robot was remotely controlled from a distance of 5 m away from it. Fig. 2 shows the figure of the robot.
Experimental Conditions
In this experiment, the mobile robot approached toward infants who were posing as "standing on the floor" and "sitting on the floor".
It approached toward the infants from their right hand side in the five different angles form the distance of 5 m to start with, and the robot stopped when the infants felt "they do not want a robot to come any closer". Distance was measured from the center of the shoe sole of the infants to the front of the mobile robot.
The infants were given the following instructions:
(1) We would measure the distance when they felt that they did not want the robot to come any closer; (2) We informed them that in the first experiment, the robot would approach toward them from five different directions, two different speeds, and they would pose two different postures. This would make in total of 20 different patterns of experiments; (3) During measurement, we asked them to avoid changing the direction of their bodies, and asked them to face toward the robot, at all times.
Results of Experiment
After carrying out first experiment, even if the distance with the robot approached to 0 m to the infants, 18 out of 30 infants did not feel unpleasant in both "standing position" nor "sitting on the floor" postures.
After the experiment, there are notably two types of infant groups identified. A group of infants who felt uncomfortable unless a robot was away from them, and another group of infants who did not feel uncomfortable even a robot is 0 m away from them. In the following analysis, we will segregate these infants into two groups.
One did not feel unpleasant (18 out of 30), and the others felt unpleasant (12 out of 30). Table 2 shows the average of measured distance with related deviation to indicate the fact that overall variability exists due to the individual variations. Fig. 3 shows the average figures.
Standing Position
Measured Distance
As shown in Table 2 , the average measured distance at 0.08 m/s was between 90.1-103.8 cm; and at 0.24 m/s, it was between 69.6-108.9 cm. (Tables 3-5 ). The meaningful difference was not detected having 5% as the levels of significance. There was not the meaningful difference between the speed at 0.08 m/s and 0.24 m/s.
It became clear that there were no levels of significance in terms of the angles, either. Therefore, our concluded assumption out of this experience was that infants might feel discomfort when the distance is approximately 94.0 cm regardless of the speed and approached angles of a robot. Table 6 shows the average of measured distance with -ratio P-ratio 05 0.95
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We assume most of the reasons of infants drawing rabbits was that they wanted to feel that robots to a closer and loveable existence such as animals.
Therefore, they wanted to believe that they are willing to live together with robots in their actual lives, recognizing that the robots are their close existence.
Consideration
Relations of Individual Physical Distance, Speed and the Approached Angle
Based on the analysis of sections (3.1. We assumed the reason being that when the infants looked at the robot in the lower angle, they felt and sensed that the distance between the robot and the infants were closer than it actually was.
We also observed the fact that the data in all graphs rises diagonally upward to the right.
We also identified that since infants have "personal space" in the direction of what they can see and visualize from their front zone, they took the physical distance between the robot and themselves longer, compared to the zone which was their behind where they could not see.
Distance with the Robot Approached to 0 m to the Infants
After conducting the experiment, we found out that more than half of participated infants did not fell discomfort even the robot approached them in 0 m for their "standing up on the floor" or "sitting down on the floor" postures.
For the infants allowed the robot to get close to even 0 m to them, many had a good impression on the robot, compared to the infants who did take the individual physical distance.
When we asked them the reason why they allowed the robot to get very close, many replied saying "they wanted to play with the robot".
We also assumed that the reason why they did not take any individual physical distance from the robot was due to the fact that they recognized the robot as a toy for them to play with compared to the adults, the "personal space" for infants has not been fully developed yet. Reviewing the research conducted by Burgess [9] , "personal space" is fully established till the age of 12 years old as adults do. Therefore, many infants in our experiment did not feel discomfort due to the fact that their personal space is still in the development stage.
Conclusions
After our experiment and research, we find out the following in terms of the individual physical distance, utilizing the small mobile robot with the variations of 0.08 m/s and 0.24 m/s speeds attached to it with the infant's posturing "standing on the floor" and "sitting on the floor".
Infants tend to take their individual physical distance in the front zone.
There is no correlations and dependencies for the speed and approached angles of the robot toward the infants, in terms of the individual physical distance. However, there is a slight distinctions when the infants pose "standing up on the floor" posture and "sitting down on the floor" posture for the individual physical distance.
Infants have a tendency to prefer the small cute robot with the size of approximately 30 cm in height and 20 cm in width, based on the pictures they drew.
The objective of the experiment was to quantitatively measure and identify "the infant comfortable zone", experimenting a robot approaching to the infants in the different speed and angle.
The experimental result shows that infants tend to feel more uncomfortable and prohibit a robot to be closer when it approaches them from the straight angle, rather than a robot approaching from the back, and sideways.
There was no correlation affecting their comfort zone, regardless of the speed, angles, and infant posture, although there is a slight deviations.
However, infants tend to feel more comfortable and prefer the small cute robots when it comes to their comfort zone.
